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@ Airfoil for the compression section of a rotary machine. 



@ An airfoil for a compression section of a rotary 
machine is disclosed. Various construction details 
are developed to increase the efficiency of the com- 
pression section. In one detailed embodiment, the 
airfoil has a spanwise axis or stacking line which 



extends in a generally radial direction. The stacking 
line or spanwise axis is straight over the mid-section 
of the airfoil and is angled circumferentially toward 
the radial direction in the end wall regions 58, 66 of 
the airfoil. 
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This invention relates to rotary machines hav- 
ing compression sections and particularly to airfoils 
for use in a compression section which extends 
axially in the machine. The compression section is 
commonly referred to as the compressor or the 
compressors of the machine. 

Background of Invention 

A gas turbine engine is one example of a 
rotary machine having an axially extending com- 
pression section which is disposed about an axis R 
of the engine. The gas turbine engine has a com- 
bustion section and a turbine section downstream 
of the compression section which are also dis- 
posed about the axis R. An annular flowpath for 
working medium gases extends axially through the 
sections of the engine. 

The working medium gases are compressed 
and diffused in the compression section. Fuel is 
mixed with the working medium gases In the com- 
bustion section and bumed to add energy to the 
gases. The hot. pressurized gases are expanded 
through the turbine section to develop propulsive 
thrust and. through one or more turbines, to extract 
energy from the gases by driving the turbines 
about the axis of the engine. 

Ck)mponents of the compression section are 
rotatably attached to the turbines by a rotor shaft. 
As each turbine is driven about the axis R by the 
expanding working medium gases, the turbine 
drives rotating components in the compression 
section about the axis. These rotating components 
in the compression section do work on the incom- 
ing gases to pressurize the gases. 

In a turbofan gas turbine engine, the compres- 
sion section may have three compressors in axial 
alignment for increasing the pressure of the incom- 
ing gases. The compressors are commonly re- 
ferred as the fan compressor, the low pressure 
compressor, and the high pressure compressor. 

Each compressor has an outer wall and an 
inner wall which bound the working medium 
flowpath. The rotating components include arrays 
of rotor blades which extend outwardly across the 
working medium flowpath into proximity with the 
outer wall. Alternating with the arrays of rotor 
blades are arrays of compressor vanes. Each com- 
pressor vane has an airfoil which extends radially 
inward across the flowpath working medium gases. 
The airfoils adjust the angular velocity components 
of the working medium gases as the gases exit the 
rotor stages and prior to entering the adjacent rotor 
stage or a diffuser region of the compressor. 

One example of an array of airfoils of this type 
is shown in U.S. Patent 2,795, 373 issued to 
Hewson entitled "Guide Vane Assemblies In An- 
nular Fluid Ducts". The airfoils of Hewson are dis- 
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posed in a diffuser region of the compressor. 

Each airfoil has a leading edge and a trailing 
edge. Aerodynamic surfaces extend from the lead- 
ing edge to the trailing edge. The aerodynamic 

5 surfaces are a suction side surface on one side 
which is commonly referred to as the suction sur- 
face and a pressure side surface on the other side 
which is commonly referred to as the pressure 
surface. A spanwisely extending axis (spanwise 

70 axis or stacking line) and a plurality of chordwisely 
extending airfoil sections disposed about the axis 
form the shape of the airfoil surfaces. The span- 
wise axis passes through the center of gravity of 
each airfoil section to locate the airfoil sections with 

75 respect to each other. 

Hewson shows airfoils having a spanwise axis 
(stacking line) which is either curved (Fig. 6) or 
formed of two spanwisely extending parts which 
are straight and which intersect at the mid-span 

20 region of the airfoil (Fig. 3). According to Hewson, 
this redistributes the total pressure head in the gas 
flow to correct for boundary layer losses on the 
upstream side of the assembly and avoid mal- 
distribution in the total pressure head. 

25 The above art notwithstanding, scientists and 

engineers working under the direction of Appli- 
cant's assignee have sought to develop airfoils 
which reduce aerodynamic losses in airfoil regions 
adjacent the walls which bound the flowpath for 

30 working medium gases (commonly referred to as 
the end wall regions) and which reduce the impact 
of contouring the airfoil on the weight of the airfoil. 

Summary of Invention 

35 

This invention is in part predicated on the 
recognition that either angling the mid-span region 
of the airfoil may adversely increase the loading 
across the airfoil and decrease the performance of 

40 the airfoil in comparison with airfoils which are 
radial across the spanwise extent of the airfoil. 

According to the present invention, an airfoil of 
an annular compression section of a rotary ma- 
chine has a spanwise axis or stacking line which 

45 extends in a generally radial direction, the span- 
wise axis being straight and parallel to the radial 
direction over the midspan region of the airfoil and 
t:>eing straight and angled circumferentially toward 
the radial direction in the end wall regions to form a 

50 bowed airfoil having a pressure surface which faces 
the adjacent wall In each end wall region of the 
airfoil. 

In accordance with one embodiment of the 
present invention, the airfoil is formed of a plurality 
55 of airfoil sections having an inlet metal angle in the - 
end wall regions which is smaller than the inlet 
metal angle of a reference airfoil having the same 
family of airfoil sections and extending in a radial 

2 



3 



EP 0 441 097 A1 



4 



direction over its entire spanwise length. 

A primary feature of the present invention is an 
airfoil of a compressor section of a rotary machine 
having an airfoil and a spanwise axis (stacking line) 
which is straight over the midspan region of the 
airfoil. Another feature is the end wall regions of the 
airfoil In which the airfoil and the spanwise axis are 
angled circumferentially with respect to the radial 
direction to form a bowed airfoil. The airfoil has a 
pressure surface which faces the adjacent wall in 
each end wall region of the airfoil. In one particular 
embodiment, a feature is an inlet metal angle in the 
end wall region which is smaller than an inlet metal 
angle for a corresponding radial airfoil having the 
same family of airfoil sections. 

A primary advantage of the present invention is 
increased compressor efficiency which results from 
shifting the upstream flow of working medium gas- 
es approaching the array of airfoils away from each 
end wall and toward the midspan region of each 
airfoil. Another advantage is the efficiency of the 
compressor which results from shifting the down- 
stream flow back toward the original radial distribu- 
tion which existed prior to the flow entering the 
next array of rotor blades. Another advantage is the 
reduced mass of the airfoil which results from 
having a straight section in the midspan region of 
the airfoil in comparison with airfoils which are 
curved over the entire length or angled over the 
entire length. 

The foregoing and other features and advan- 
tages of the present invention will become more 
apparent In the light of the following detailed de- 
scription of preferred embodiments thereof as dis- 
cussed and illustrated In the accompanying draw- 
ings. 

Brief Description of Drawings 

Rg. 1 is a simplified, side-elevation view of a 
turbofan gas turbine engine with the outer case 
broken away to show a portion of the rotor and 
stator assemblies in one of the compressor sec- 
tions of the engine; 

Fig. 2 is a developed view from an upstiream 
location of a portion of a flow directing assembly 
of a gas turbine engine showing a concealed 
portion of the rotor stator assembly of Fig. 1; 
Fig. 3 is a side-elevation view of a compressor 
taken along the line 2-2 as shown in Fig. 2; 
Fig. 4 is a sectional view of two adjacent airfoil 
sections taken along the line 4-4 of Fig. 3; 
Fig. 5 is an enlarged view of the sectional view 
of Rg. 4; 

Rg. 6 is a view from upstream in a chordwise 
direction of two adjacent radially extending air- 
foils of the type found in the prior art having a 
radially extending midspan section and two radi- 
ally extending end wall sections: 
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Rg. 6a is a front view of radially extending 
reference airfoil having a family of reference 
airfoil sections; 

Rg. 7 is a representation of the spanwise axis 
5 (stacking line) of an airfoil of the present inven- 
tion showing tfie circumferential location of the 
center of gravity of the airfoil sections of the 
present invention with respect to a radial span- 
wise axis (stacking line) for a reference airfoil; 
10 Rg. 8 is a view of two airfoils of the present 
invention taken from a perspective which is simi- 
lar to the view of tiie airfoil shown in Fig. 6a; 
Rg. 9 is a schematic representation of a portion 
of a compressor of a rotary machine showing 
75 the effect of airfoils of the present invention on 
the flow of working medium gases through the 
machine. 

Best Mode For Carrying Out Invention 

20 A turtjofan gas turbine engine embodiment 10 
of the present invention is illustrated in Fig. 1. The 
principal sections of the engine are a compression 
section 12, a combustion section 14, and turbine 
section 16. The compression section includes a fan 

25 compressor 18, a low pressure compressor 20, and 
a high pressure compressor 22. The engine has an 
axis R. 

Rotor assemblies, as represented by the rotor 
assembly 24 having rotor blade 25, extend axially 
30 through the compression section 12 and the turbine 
section 16. A stator assembly 26 circumscribes the 
rotor assemblies. An annular ftowpath 28 for work- 
ing medium gases extends axially through the 
compressor section and is bounded by portions of 
35 the stator assembly and the rotor assembly which 
form an inner wall 32 and an outer wall 34 for the 
annular flowpath. 

Rg. 2 shows a portion of the stator assembly 
of Rg. 1 and in particular shows a portion of the 
40 compressor stator vanes 36 which are a p>ortion of 
the flow directing assembly of tiie gas turbine 
engine. The broken line shows the embodiment in 
an undeveloped view. The solid lines show the 
embodiment in a developed view. 
45 The compressor stator vane 36 includes the 

inner wall 32. the outer wall 34. and an array of 
airfoils, as represented by the airioil 38. extending 
between the Inner wall and the outer wall. The 
flowpath for working medium gases extends be- 
so tween the adjacent airfoils. Each airfoil has a con- 
vex surface or side such as the suction side sur- 
face 42 and a concave surface 44 or side such as 
the pressure side surface. 

As shown in Rg. 3, the suction surface 42 arid 
55 the pressure surface 44 of each airfoil are joined 
together at a leading edge 46 and a trailing edge 
48. An imaginary streamline S in the flowpath is 
adjacent to each airfoil. An imaginary point A asso- 
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ciated with each streamline lies on the leading 
edge of the airfoil along the streamline S. Point A 
has a radius r about the axis R of the engine. 
Similarly, an imaginary point B lies on the suction 
side and an inr>aginary point C lies on the trailing 
edge along the streamline S. The three points 
define a section plane S* (4-4). The plane S* 
passes through each airfoil and forms a conical 
airfoil section. The airfoil is defined by a family of 
these airfoil sections. 

Rg. 4 is a sectional view of two adjacent airfoil 
sections taken along the line 4-4 of Fig. 3. 

Rg. 5 is an enlarged view of the sectional view 
taken in Rg. 4. A conical chord line B, is a straight 
line connecting point A on the leading edge with 
point C on the trailing edge. The conical chord line 
B, has a length bt. A mean camber line MCL 
connects the point A on the leading edge and the 
point C on the trailing edge. The suction surface 20 
and the pressure surface 22 are spaced a predeter- 
mined distance from the mean camber mean line 
along lines Z„'. measured perpendicular to the 
mean camber line. The center of gravity CQ of the 
airfoil section is the locating reference for the airfoil 
in the rotary machine. A spanwise axis 52 or stack- 
ing line in the airfoil 38 extends spanwisely through 
the center of gravity of each airfoil section, locating 
the airfoil sections with respect to each other in the 
spanwise direction and chordwisely in the circum- 
ferential and axial directions. 

A forward tangent line TL, tangent to a drcle 
formed by a radial line passing through the axis R 
of the engine and through point A, provides a 
reference axis (y axis) for measuring angles and 
distances. A plane passing through the axis of 
rotation R intersects the plane at a second 
reference line, the x axis, t is the distance between 
the airfoil sectiCMis measured along the forward 
tangent line TL. An alpha chord angle, qch. is the 
angle between the tangent line TL and the conical 
chord line 

The working medium gas flowing along the 
working medium flowpath 28 approaches the airfoil 
section at an angle /Si to the tangent line TL. The 
cambered mean line MCL has a tangent line Tmcf 
at the leading (front) edge. The angle between the 
tangent line Tmcf and the tangent line TL is the 
Inlet metal angle 0'^, The difference between the 
inlet metal angle and the angle of the working 
medium gases is the incidence angle i of the 
working medium gases. As shown in Rg. 5, the 
incidence angle i is negative. 

The working medium gas leaves the airfoil at 
an angle fi2 to the rear tangent line TLR. The 
cambered mean line MCL has a tangent line Tmcr 
at the trailing (rear) edge. A total camber angle e\ 
is the angle between the Tangent Line Tmcf at the 
leading edge and the Tangent Line Tmcr at the 



trailing edge. The total camber angle e\ is the 
measure of the curve of the cambered mean line 
and the airfoil section. 

Rg. 6 shows a conventionai unbowed stator 
5 airfoil of the type found in the prior art. The span- 
wise axis 54 or starting line of the airfoil 39 is a 
radial line extending through the axis of the engine. 
Each of the airfoil sections of the family of airfoil 
sections is similar to the adjacent spanwise mem- 
10 bers of the family. The spanwise camber distribu- 
tion of the airfoil sections provides the proper di- 
rection to the flow exiting the airfoil so that it is 
properly aligned with the downstream array of rotor 
blades. The inlet metal angle adjacent the inner 

75 wall and the outer wall is intended to align the 
leading edge of the airfoil with the flow exiting the 
arry of rotor blades with no special treatment pro- 
vided to accommodate for boundary layer effects 
in the end wall regions. 

20 Rg. 6A is a view corresponding to the view 

shown in Rg. 6 of an airfoil for a compressor 
having additional camber adjacent the inner wall 
and the outer wall. The additional camber provided 
by decreasing the inlet metal angle accommodates 

25 the change in velocity distribution and incidence 
angle I of the working medium gases due to 
boundary layer effects in this region. Such airfoils 
have been proposed for use in advanced engines. 
The remainder of the airfoil sections remain similar 

30 to tiie airfoil sections of the conventional stator 
airfoil shown in Rg. 6. 

Rg. 7 shows the spanwise axis 52 (stacking 
line) for the airfoil sections of the airfoil 38 of the 
present invention compared to a radial spanwise 

35 axis 54 for a conventional airfoil 39,39a of the type 
shown in Rg. 6 or in Rg. 6a where the spanwise 
axis (stacking line) lies on a radial line. The span- 
wise axis 52 for the airfoil of the present invention 
extends through the following regions of the airfoil: 

40 an inner end wall region 58; an inner transition 
region 60; a midspan region 62; an outer transition 
region 64; and. an outer end wall region 66. The 
spanwise axis 52 in the midspan region is straight 
and is parallel to the radial spanwise axis. 

45 The spanwise axis 52 Is a straight line angled 
at an acute angle 8 with respect to the midspan 
region 62 and to the radial spanwise axis 54 in 
both the inner end wall region 58 and the outer end 
wall region 66. Acute angles of forty-five degrees 

50 (45*) or less are believed satisfactory. In the 
present embodiment, the acute angle 8 is approxi- 
mately thirty degrees (30* ). 

In the embodiment shown, the spanwise axis 
52 is displaced circumferentially in the direction in 

55 which the pressure side 44 faces. The midspan 
region 62 of the spanwise axis is parallel to but not 
coincident with the radial spanwise axis 54 of airfoil 
39a. in an alternate emt)odiment, the end wall 

4 
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region of the spanwise axis might be displaced 
circumferentially in the direction the suction surface 
faces. In such an embodiment, the midspan region 
of the spanwise axis is parallel to and coincident 
with the radial-spanwise axis. 

The spanwise axis 52 in the transition region 
60,64 is a curve of higher order (second degree or 
greater) that fairs the transition line smootiiiy from 
tiie linear (first degree) end wall region 58.66 to the 
straight (first degree) midspan region 52 in the 
center of the airfoil. The curve is parabolic in the 
embodiment shown and may be a higher order 
equation. The curve is flatter near the midspan 
region 62 than near the wail region 58.66. 

The total span Sr of the airfoil is the distance 
from the root 68 of the airfoil adjacent the inner 
end wall 32 to the tip 70 of the airfoil near the outer 
end wall 34. In the particular embodiment shown, 
the inner end wall region having a straight span- 
wise axis 52 (stacking line) extends from the inner 
wall 32 to approximately the ten percent (10%) 
span location which is ten percent (10%) of the 
total span Sr from the inner wall to the outer wall. 
The inner transition region 62 extends from the 
inner end wall region 58 to approximately the forty 
percent (40%) span location. As mentioned above, 
the spanwise axis 52 follows a curve of an equation 
which is at least a second degree equation, such 
as a parabolic equation, or may be a higher order 
equation. The midspan region 62. which is straight 
and parallel to a radial line, extends from the inner 
transition region 60 to the sixty percent (60%) span 
location. The outer transition region 64, which is 
paratx>lic as is the inner transition region, extends 
from the midspan region 62 to approximately the 
ninety percent (90%) span location. The outer end 
wall region 66 extends from the outer transition 
region 64 to the outer wall 34 and contains the 
spanwise axis 52 which is at an angle of thirty 
degrees (30*) with respect to a radial line and to 
the midspan region. As used to describe the 
txDundary between each of the regions, the term 
"approximately" means the span location may vary 
by ten percent (10%) of tiie span of tiie two adja- 
cent regions which lie on either side of the bound- 
ary. For example, the boundary between the transi- 
tion region and the midspan region may vary by 
five percent (5%) and between the transition region 
and the end wall region by four percent (4%). 

Fig. 8 is a view similar to the views shov^ in 
Fig. 6 and Fig. 6a showing an airfoil 38 of the 
present invention which is bowed by reason of the 
angled spanwise axis 52 in the end regions and the 
radial spanwise axis 52 in the midspan region. The 
airfoil sections of the bowed airfoil are identical to 
the airfoils of the reference airfoil 72 shown in Fig. 
6a except that the airfoil sections are displaced by 
reason of the spanwise axis 52 being displaced 



from a radial line. The exception to this statement 
is in the end wall regions of the airfoil. The leading 
edge at the tip 70 of the airfoil in the outer end wall 
region 66 and the leading edge 46 at the root 68 of 
5 the airfoil in the inner end wall region are even 
more cambered than the unbowed airfoil 72 shown 
in Fig. 6a. 

The broken lines of the adjacent airfoil section 
shown in Fig. 5 show the leading edge of the 

70 reference airfoil of Rg. 6a to illustrate the relation- 
ship of the recambered or overcambered airfoil of 
the present invention at the extremity of the airfoil 
to tiie reference airfoil. The reference airfoil is 
formed on a spanwise axis 54a or stacking tine 

15 which extends radially from an axis of the engine. 
The reference airfoil, except for airfoil sections ad- 
jacent the inner wall and the outer wail, has the 
same airfoil sections as the present configuration. 
As shown, the airfoil sections of the present 

20 invention adjacent the inner wall and the outer wall 
in the end wall regions are even more cambered 
tiian the reference airfoil. It has been found that 
providing this extra camber provides a more sat- 
isfactory incidence angle i in the end wall regions 

25 of the airfoil. Thus, the present airfoil is designed 
taking into account the realization that bowing the 
airfoil in the end wall region further reduces the 
incidence angle of the incoming flow and requires 
overcambertng of the airfoil with respect to the 

30 reference airfoil sections. This maintains the same 
incidence angle i with respect to the working me- 
dium gases as the reference airfoil section. 

As can be seen in Fig. 8, the spanwise axis 52 
extends straight over the midspan region and ex- 

3S tends straight in the end wall regions and at an 
acute angle to the spanwise axis in the midspan 
region so that the pressure surface faces outwardly 
from the midspan region in the end wall regions of 
the airfoil. 

40 Depending on the amount of camber placed on 

the leading edge 46 in the end wall regions of the 
airfoil, it is possible to affect the angle of the 
leading edge with respect to the spanwise axis 52 
such that the leading edge does not have the same 

45 acute angle as does the spanwise axis 52; Never- 
theless, at least one half of the chordwise length of 
the airfoil will extend straight in the midspan region 
and will extend straight in the end wall regions 
58,66 at an acute angle to the midspan region such 

so that the pressure surface 44 in the end wall region 
58,66 faces away from the midspan region 62. 

Rg. 9 is a schematic representation of a por- 
tion of the compression section 12 of Rg. 1 show- 
4ng the effect of employing airfoils of the present 

55 invention on the axial flow streamlines through the 
compression section of a rotary machine. The ori* 
entation of the airfoil sections which results from 
the bowed stacking line imposes radial forces on 
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the working medium gases which shift the up- 
stream flow approaching the array of airfoils away 
from the end wall regions. The upstream flow is 
moved toward the midspan region 62. Thus, as 
flow passes through the array of airfoils, more 
working medium gases are flowed through the mid- 
span region and less are flowed through the end 
wall regions as compared to an unbowed or 
straight spanwise axis airfoil 39,39a of the type 
shown in Rg. 6 or Rg. 6a. 

The increased flow through the midspan region 
reduces aerodynamic losses in three ways. The 
midspan region usually has much lower losses than 
the end wall regions. Accordingly, increasing the 
flow which is flowed through the midspan region 
decreases the flow through the end wall region and 
will generate less loss than if the incremental in- 
crease in flow through the midspan region would 
flow through the end wall region. Secondly, be- 
cause the working medium gases flowed through 
the end wall region of the array of airfoils is re- 
duced, the Mach number in the end wall regions is 
also reduced. This further reduces losses in the 
end wall region. 

The radial forces imposed by the bowed airfoil 
on the flow force the working medium gases back 
toward the original radial distribution as the flow 
exits the airfoil. This restores the streamlines to 
their original location as in constructions which do 
not have bowed airfoils. Thus, the flow is moved 
inwardly as the flow enters the array of airfoils and 
moves outwardly as the flow departs from the array 
of airfoils restoring the original streamline orienta- 
tion of the working medium gases while avoiding 
end wall losses in the wall regions of the compres- 
sor section adjacent the end walls of the airfoils. 

The outward motion of the flow departing the 
array of airfoils reduces the blade loading in the 
end wall region further reducing losses in the end 
wall region. It is believed that in some construc- 
tions the loading across the airfoil may t>e reduced 
sufflciently In the end wall region to create un- 
separated flow, avoiding the losses that are asso- 
ciated with the usually separated flow in the end 
wall regions. " 

In addition, the straight section 62 of the airfoil 
has reduced weight in comparison to those con- 
structions in which the midspan region is spanned 
by an airfoil which is curved or angled. The reduc- 
tion in weight increases the efficiency of the en- 
gine. The straight section of the airfoil in the mid- 
span region reduces the loading across the airfoil 
in this region relative to curved or angled airfoils. 
Thus, the reduction in weight is accompanied by 
no aerodynamic penalty and in fact may decrease 
the aerodynamic penalty associated with the mid- 
span region as compared to sections in which the 
airfoil is angled or curved in the midspan region. 



Another advantage exists in constructions in 
which the airfoil is rotatable about a radial axis to 
change the incidence angle i with respect to the 
working medium gases. Stators having such vari- 

5 able stators are commonly referred to as "variable 
stators". The straight midspan region of the airfoil 
decreases the arc tiirough which midspan region 
travels as the airfoil is rotated about the radial axis 
in comparison to airfoils having curved or angled 

10 midspan region. Reduced losses result further in- 
creasing the efficiency of the airfoil with respect to 
such curved or angled airfoils. This permits greater 
rotation angles than are permitted with fully curved 
or angled airfoils before interference with upstream 

15 and downstream arrays of rotor blades. This can 
provide improved efficiency and stability at starting 
or low speed conditions than the fully curved air- 
foils. 

Although the invention has been shown and 
20 described with respect to detailed embodiments 
thereof, it should be understood by those skilled in 
the art that various changes in form and detail 
thereof may be made witiiout departing from the 
spirit and the scope of the claimed invention. 

25 

Claims 

1. An airfoil for the compression section of a 
rotary machine having an axis R which com- 

30 prises: 

a spanwise axis having a plurality of airfoil 
sections disposed about the spanwise axis, 
each airfoil section having a pressure surface 
and a suction surface which fonm aerodynamic 

35 surfaces for the airfoil. 

the airfoil having an inner end wall region, 
an outer end wall region and a midspan region 
disposed spanwisely between the inner and 
outer end wall regions, the spanwise axis ex- 

40 tending straight over the midspan region and 

extending straight in the end wall region and at 
an acute angle to the spanwise axis in the 
midspan region so that the pressure surface 
faces outwardly away from the midspan region 

45 in the end wall regions of the airfoil. 

2. The airfoil of claim 1 wherein the spanwise 
axis in the midspan region extends parallel to a 
radial line extending from the axis A of the 

50 rotary machine. 

3. The airfoil of claim 2 wherein the acute angle 
between the spanwise axis in the end regions 
and the spanwise axis in the midspan region is 

55 less than forty-five degrees. 

4. The airfoil of claim 2 wherein the acute angle 
between the spanwise axis in the end regions 
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and the spanwise axis in the midspan region is 
approximately thirty (30) degrees. 

5. The airfoil of claim 3 wherein the inner end 

wall region- extends from the inner wall to ap- 5 
proximately the ten percent span location, the 
airfoil has an Inner transition region which ex- 
tends from the inner wall region to approxi- 
mately the forty percent span location and has 
a spanwise axis which follows the curve of an io 
equation which is at least a second degree 
equation, the midspan region extends from the 
inner transition region to the approximately six- 
ty percent span location, the airfoil has an 
outer transition region which extends from the 75 
midspan region to approxirnately the ninety 
percent span location and has a spanwise axis 
which follows the curve of an equation which is 
at least a second degree equation, and, the 
outer end wall region extends from the outer so 
transition region to the outer wall. 

6. The airfoil of claim 4 wherein the inner end 
wall region extends from the inner wall to ap- 
proximately the ten percent span location, the 25 
airfoil has an inner transition region which ex- 
tends from the inner wall region to approxi- 
mately the forty percent span location and has 

a spanwise axis which follows the curve of an 
equation which Is at least a second degree 30 
equation, the midspan region extends from the 
inner transition region to the approximately six- 
ty percent span location, the airfoil has an 
outer transition region which extends from the 
midspan region to approximately the ninety 35 
percent span location and has a spanwise axis 
which follows the curve of an equation which Is 
at least a second degree equation, and, the 
outer end wall region extends from the outer 
transition region to the outer wall. 4o 

7. A compressor vane for the compression sec- 
tion of a rotary machine having an inner wall, 
an outer wall, an inner end wall region, an 
outer end wall region and a midspan region 45 
disposed SF)anwisely between the end wall re- 
gion, the vane further having an airfoil having a 
leading edge region and a trailing region, a 
pressure surface and a suction surface which 
extend spanwisely from the leading edge re- 50 
gion to the trailing edge region, the airfoil over 

at least one half the chordwise extent of the 
airfoil in the spanwise direction extending 
straight in the spanwise direction in the mid- 
span region and extending straight in the span- 55 
wise direction in the end wall regions and at an 
acute angle to the midspan region such that 
the pressure surfaces in the end wall region 



faces away from the midspan region. 

8. The compressor vane of claim 7 wherein the 
midspan region of the airfoil extends perpen- 
dicular to the outer wall and the inner wall of 
the compressor vane. 

9. The compressor vane of claim 8 wherein the 
acute angle between the spanwise axis in the 
end wall regions and the spanwise axis in the 
midspan region is approximately thirty (30) de- 
grees. 

10. A rotary machine which has an axis R and an 
annular flowpath tor working medium gases 
disposed about the axis R. the rotary machine 
including a compression section through which 
the flowpath extends and a stator assembly 
bounding the flowpath having an inner wail, an 
outer wall spaced radially from the inner wall 
and an array of airfoils which extend from the 
inner wall to the outer wall, having at least one 
airfoil which comprises: 

an airfoil having 

a first spanwise axis extending in a gen- 
erally radial direction from the inner wall to 

the outer wall, the spanwise axis having an 
inner end wail region, an inner transition re- 
gion, a midspan region, an outer transition 
region and an outer end wall region, 

a plurality of airfoil sections disposed 
about the spanwise axis, each airfoil section 
having a leading edge, a trailing edge, a suc- 
tion surface extending from the leading edge 
to the trailing edge and a pressure surface 
extending from the leading edge to the trailing 
edge, the airfoil sections being generated from 
a reference airfoil formed of a family of airfoil 
sections disposed about a second spanwise 
axis which lies on a radial line of said machine, 

wherein the first spanwise axis is straight 
in each of the end wall regions and extends 
circumferentially at an acute angle to the radial 
direction orienting the pressure surface of the 
airfoil to face the adjacent wall, wherein the 
spanwise axis is straight over a portion of the 
midspan region and extends parallel to the 
radial direction, and the spanwise axis is sub- 
stantially straight in the transition region being 
formed of a curve which is flatter near the 
midspan region than near the end wall region; 
and 

wherein the inlet metal angle of a plurality 
of airfoil sections in each of the end wall re- 
gions is smaller than the inlet metal angle of 
associated airfoil sections of a reference airfoil 
having a radial spanwise axis to maintain the 
same incidence angle with respect to the work- 
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ing medium gases as the reference airfoil sec- 
tion. 

11, The rotary machine of claim 10 wherein the 
spanwise sets is parabolic in the transition re- s 
gions. 

12. The rotary machine of claim 11 wherein the 
inner end wall region extends from the inner 

wall to approximately the ten percent span io 
location, the inner transition region extends 
from the inner end wall region to approximately 
the forty percent span location and has a span- 
wise axis which follows the curve of an equa- 
tion which is at least a second degree equa- 75 
tion, the midspan region extends from the in- 
ner transition region to approximately the sixty 
percent span location, the outer transition re- 
gion extends from the midspan region to ap- 
proximately the ninety percent span location 20 
and has a spanwise axis which follows the 
curve of an equation which Is at least a second 
degree equation and the outer end wall region 
extends from the outer transition region to the 
outer wall. 25 
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